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Description 

METHOD OF REDUCING A RIPPLE OF A 
HEAVY LOADING PULSE FREQUENCY 
MODULATED VOLTAGE REGULATOR 

Background of Invention 
[000 1 ] [0001]1. Field of the Invention 

[0002] [0002]The present invention relates to a pulse frequency 
modulated (PFM) voltage regulator and, more particularly, 
to a method of reducing a ripple of an output voltage of 
the PFM voltage regulator in a heavy loading condition. 

[0003] [0003]2. Description of the Related Art 

[0004] [0004]Typically, a voltage regulator is used for supplying 
an output voltage with a regulated voltage level from a DC 
voltage source by appropriately controlling a duty cycle of 
a power switch transistor. Depending on requirements of 
practical applications, the regulated output voltage may 
be higher or lower than the original DC voltage source. Of 
methods for controlling the duty cycle of the power switch 



transistor in the voltage regulator, the most frequently 
used are a PFM switching control mode and a pulse width 
modulated (PWM) switching control mode. The PFM volt- 
age regulator turns on the power switch transistor each 
time when the output voltage decreases to become equal 
to a target voltage, thereby regulating the output voltage. 
On the other hand, the PWM voltage regulator controls the 
on and off states of the power switch transistor by a rect- 
angular wave having a predetermined duty cycle, thereby 
achieving the effect of regulating the output voltage. 

[0005] [0005]Neither the PFM voltage regulator nor the PWM 

voltage regulator can provide the same satisfactory per- 
formance when operated both in a light loading condition 
and in a heavy loading condition. More specifically, the 
PFM voltage regulator in the heavy loading condition suf- 
fers from a great ripple of the output voltage. On the 
other hand, the PWM voltage regulator has a drawback of 
becoming a low efficiency regulator in the light loading 
condition since the power consumption caused by the 
switching of the power switch transistor becomes rela- 
tively large with respect to the output power supplied. 

[0006] [0006]Both of U.S. Patent No. 5,568,044 and U.S. Patent 
No. 6,545,882 have disclosed a PWM voltage regulator 



characterized in that an original PWM control mode is 
changed to a PFM control mode in a light loading condi- 
tion by detecting an inductor current in order to improve 
the efficiency of the light loading PWM voltage regulator. 
However, the prior art voltage regulator is required to em- 
ploy a complicated PWM and PFM dual mode switching 
circuit. 

[0007] [0007]Alternatively, U.S. Patent No. 5,801,518 has dis- 
closed a PFM voltage regulator characterized in that an 
ON-time of the power switch transistor is prolonged and/ 
or an OFF-time of the power switch transistor is short- 
ened in accordance with a degree of decrease for an out- 
put voltage. The prior art considers that a longer ON-time 
may cause more energy to be stored in an inductor and a 
shorter OFF-time may prevent a capacitor from discharg- 
ing too much, so the PFM voltage regulator may have an 
improved output ripple in the heavy loading condition. 
Contrary to the assumptive consideration, the prior art 
voltage regulator in practice provides an even larger out- 
put ripple. With reference to a paragraph of lines 31 to 35, 
column 8 in the specification of U.S. Patent No. 
5,801,518, it is assumed that the output voltage of the 
PFM voltage regulator rises to the maximum possible peak 



value immediately after the energy stored in the inductor 
is delivered to the capacitor, i.e. at the instant when the 
power switch transistor is turned off, and then decreases 
along with time. As a matter of fact, this assumption can- 
not be established for a heaving loading PFM voltage reg- 
ulator, which will be described in more detail later. This is 
the reason why U.S. Patent No. 5,801,518 failed to im- 
prove the ripple. 
[0008] [0008]FIG. 1(a) is a circuit block diagram showing a con- 
ventional PFM voltage regulator 10. Referring to FIG. 
l(a),when a power switch transistor Q, such as an NMOS 
transistor, is at the ON state, a potential at a node A is 
lower than a potential at an output terminal B, i.e. an out- 
put voltage V , such that a diode D is unconductive. 

r out 

Therefore, an inductor L stores energy supplied from a DC 
voltage source V , resulting in a linear increase of an in- 
ductor current I . Meanwhile, a capacitor C is discharged 
to supply a load current I , resulting in a decrease of 

load 

the output voltage V at the output terminal B. When the 

out 

power switch transistor Q is at an OFF state, the energy 
stored in the inductor L is delivered to the capacitor C 
through the conductive diode D, thereby raising the out- 
put voltage V at the output terminal B. 



[0009] [0009]More specifically, a PFM switching controller 11 
generates a PFM switching signal 12 for controlling the 
ON and OFF states of the power switch transistor Q 
through a driver 13. The PFM switching signal 12 is a 
pulse signal, each pulse of which may make the power 
switch transistor Q conductive, for example. In this case, 
an internal between two consecutive pulses is representa- 
tive of a period during which the power switch transistor 
Q is unconductive. The pulse width of the PFM switching 
signal 12 is in principle a fixed value, which is determined 
by a constant ON-time controller 14. However, when an 
over current protection circuit 15 detects that the inductor 
current I I is higher than a predetermined upper limit of 
current, the over current protection circuit 15 causes the 
PFM switching controller 11 to shorten the pulse width of 
the PFM switching signal 12. On the other hand, the inter- 
val between two consecutive pulses of the PFM switching 
signal 12 is determined by a feedback circuit 16. When 
the feedback circuit 16 detects that the output voltage V 
at the output terminal B is lower than the target voltage 
due to the discharge of the capacitor, the feedback circuit 
16 causes the PFM switching controller 11 to output a 
pulse for conducting the power switch transistor Q again. 



However, the interval between two consecutive pulses are 
prevented from being shorter than a minimum OFF-time 
determined by a minimum OFF-time controller 17. 
[0010] [0010]FIG. 1(b) is a waveform timing chart showing an op- 
eration of the conventional heavy loading PFM voltage 
regulator 10 shown in FIG. 1(a). During a period PI, when 
the output voltage V decreases to become lower than 
the target voltage V , i.e. a DC component of the output 

o 

voltage V , the PFM switching signal 12 enters a high 
level state H with a constant pulse width (or ON-time) T 

K ON, 

, resulting in the linear increase of the inductor current 

con 

I I for storing energy in the inductor L As clearly seen 
from FIG. 1(b), the output voltage V in a heavy loading 
condition exhibits a considerably large degree of decrease 
during the constant ON-time T . After the constant 

3 ON, con 

ON-time T , the PFM switching signal 12 enters a low 

ON, con' 3 3 

level state L such that the energy stored in the inductor L 
is delivered to the capacitor C, thereby raising the output 
voltage V . However, the output voltage V is still lower 

3 out r* a Qut 

than the target voltage V even after the capacitor C is 

o 

charged for a minimum OFF-time T because in the 

OFF, min 

heavy loading condition a component of the inductor cur- 
rent I applicable for charging the capacitor C becomes 



relatively smaller. At this moment, the PFM switching con- 
troller 11 causes the PFM switching signal 12 to enter 

again the high level state H with the constant ON-time T 

3 3 ON, 

. As clearly seen from FIG. 1(b), during the minimum 

con 

OFF-time T , the energy stored in the inductor L 

OFF, min 3 

fails to be completely delivered to the capacitor C, which 
is contrary to the assumption of U.S. Patent No. 
5,801,518, since the inductor current I does not decrease 

L 

to zero, resulting in the impossibility of reaching the 
maximum possible peak value for the output voltage V 

out 

In this case, during periods P2 and P3 the inductor current 
l L due to continuous accumulation eventually reaches the 
upper limit of current I , resulting in the shortening of 

max 

the constant ON-time T of the PFM switching signal 

ON, con 3 3 

12. 

1 ] [0011]When the power switch transistor Q after switching 
between on and off many times is turned off again during 
the period P3, the output voltage V finally raises over 

out 

the target voltage V . As a result, the energy continuously 

o 

stored in the inductor L is completely delivered at a time 
to the capacitor C, causing a very great output ripple. It 
takes a significantly long OFF-time for the output voltage 
V to decrease back to the target voltage V from the 

out o 



maximum value V . Thereafter, the PFM switching sig- 

high 

nal 12 enters the high level state H with the constant ON- 
time T for turning on the power switch transistor Q 

ON, con 

to repeat the operations described above. As clearly seen 
from FIG. 1(b), the output voltage V generated from the 
conventional PFM voltage regulator 10 has a very great 
ripple 19 in the heavy loading condition. 
[0012] [0012]Since the delivery of the energy between the induc- 
tor L and the capacitor C fails to achieve a good efficiency 
as described above, the conventional PFM voltage regula- 
tor 10 inevitably spends an disadvantageously longer time 
on a transient period from start-up to a stable operational 
state where the output voltage V reaches the target 

voltage V . 
Summary of Invention 

[0013] [0013]ln view of the above-mentioned problems, an ob- 
ject of the present invention is to provide a method of re- 
ducing a ripple for improving an output voltage of a heavy 
loading PFM voltage regulator. 

[0014] [0014]Another object of the present invention is to pro- 
vide a method of reducing a ripple for achieving a PFM 
voltage regulator operable not only in a light loading con- 
dition but also in a heavy loading condition. 



[0015] [00 1 5]Sti 1 1 another object of the present invention is to 
provide a method of reducing a ripple for shortening a 
transient period of a PFM voltage regulator from start-up 
to a stable operational state. 

[0016] [0016]ln a PFM voltage regulator, a PFM switching signal is 
provided for converting a DC voltage source to an output 
voltage. The output voltage is detected. When the output 
voltage is lower than a predetermined target voltage, a 
duty cycle of the PFM switching signal is reduced. There- 
fore, a ripple of the output voltage is effectively reduced 
when the PFM voltage regulator is operated in a heavy 
loading condition. The reduction of the duty cycle of the 
PFM switching signal may be implemented by prolonging 
a minimum OFF-time of the PFM switching signal. Alter- 
natively, the reduction of the duty cycle of the PFM 
switching signal may be implemented by shortening a 
constant ON-time of the PFM switching signal. 

[0017] [0017]Preferably, the minimum OFF-time of the PFM 

switching signal is prolonged along with an increase of an 
absolute difference between the output voltage and the 
target voltage. Preferably, the constant ON-time of the 
PFM switching signal is shortened along with an increase 
of an absolute difference between the output voltage and 



the target voltage. 

[0018] [0018]According to another aspect of the present inven- 
tion, the PFM voltage regulator includes an inductive 
means and a capacitive means. The inductive means is 
coupled to a DC voltage source. The capacitive means has 
a terminal which is coupled to the inductive means and 
provides an output voltage. When the output voltage is 
lower than a target voltage, a period of delivering energy 
from the inductive means to the capacitive means is pro- 
longed and/or a period of storing energy in the inductive 
means is shortened. Therefore, a ripple of the output 
voltage is effectively reduced when the PFM voltage regu- 
lator is operated in a heavy loading condition. 

[0019] [0019]Preferably, the period of delivering energy from the 
inductive means to the capacitive means is prolonged 
along with an increase of an absolute difference between 
the output voltage and the target voltage. Preferably, the 
period of storing energy in the inductive means is short- 
ened along with an increase of the absolute difference be- 
tween the output voltage and the target voltage. 
Brief Description of Drawings 

[0020] [0020]The above-mentioned and other objects, features, 
and advantages of the present invention will become ap- 



parent with reference to the following descriptions and 
accompanying drawings, wherein: 

[0021] [0021]FIG. 1(a) is a circuit block diagram showing a con- 
ventional PFM voltage regulator; 

[0022] [0022]FIG. 1(b) is a waveform timing chart showing an op- 
eration of the conventional heavy loading PFM voltage 
regulator shown in FIG. 1(a); 

[0023] [0023]FIGs. 2(a) to 2(c) are schematic diagrams showing a 
method of reducing a ripple of a heavy loading PFM volt- 
age regulator according to a first embodiment of the 
present invention; 

[0024] [0024]FIGs. 3(a) to 3(c) are schematic diagrams showing a 
method of reducing a ripple of a heavy loading PFM volt- 
age regulator according to a second embodiment of the 
present invention; 

[0025] [0025]FIGs. 4(a) and 4(b) are schematic diagrams showing 
a method of reducing a ripple of a heavy loading PFM 
voltage regulator according to a third embodiment of the 
present invention; and 

[0026] [0026]FIGs. 5(a) and 5(b) are timing charts showing an 

operation of a heavy loading PFM voltage regulator using 

a method according to the present invention. 
Detailed Description 



[0027] [0027]The preferred embodiments according to the 

present invention will be described in detail with reference 
to the drawings. 

[0028] [0028]For clearer appreciation of features of the present 
invention, described first is how U.S. Patent No. 5,801,518 
adversely causes an even greater output ripple. Because 
the output voltage V in the heavy loading condition 
makes a change with a relatively larger degree of decrease 
during the OFF state of the power switch transistor Q 
(referred to as an OFF-time hereinafter), the prior art sug- 
gests that a shorter OFF-time be used to prevent the out- 
put voltage V from decreasing too much and a longer 
conductive time of the power switch transistor Q (referred 
to as an ON-time hereinafter) be used to store more en- 
ergy in the inductor L for supplementing the capacitor C 
later. However, as shown in FIG. 1(b), once the output 
voltage V is lower than the target voltage V , the longer 
ON-time adversely causes the output voltage V to de- 
crease more deeply and results in a larger inductor cur- 
rent I . Moreover, the shorter OFF-time much more pre- 
vents the energy stored in the inductor L from sufficiently 
delivering to the capacitor C, which is just contrary to the 
assumptive supplementation effect expected by the prior 



art. 

[0029] [0029]FIGs. 2(a) to 2(c) are schematic diagrams showing a 
method of reducing a ripple of a heavy loading PFM volt- 
age regulator according to a first embodiment of the 
present invention. Referring to FIG. 2(a), the first embodi- 
ment according to the present invention additionally pro- 
vides the PFM voltage regulator 10 shown in FIG. 1(a) with 
an OFF-time prolonging circuit 21 for achieving the object 
of reducing the output ripple. For easier appreciation of 
the inventive features, the PFM voltage regulator accord- 
ing to the present invention is only partially shown in FIG. 
2(a) with an undepicted portion, which should refer to the 
PFM voltage regulator 10 shown in FIG. 1(a). More specifi- 
cally, the feedback circuit 16 after monitoring the output 
voltage V outputs a feedback signal not only to the PFM 

out 

switching controller 11 but also to the OFF-time prolong- 
ing circuit 21. When the output voltage V is lower than 
the target voltage V , the OFF-time prolonging circuit 21 

o 

prolongs the minimum OFF-time T determined by 

3 OFF, min 

the minimum OFF-time controller 17, thereby causing the 
PFM switching controller 11 to generate a PFM switching 
signal 22 with a prolonged minimum OFF-time. 
[0030] [0030]More specifically, the OFF-time prolonging circuit 



21 is cooperated with the minimum OFF-time controller 
17 for determining the extendable minimum OFF-time T 

OFF, min 

of the PFM switching signal 22 based on the output volt- 
age V . For example, as shown in FIG. 2(b), the extend- 
out 

able minimum OFF-time T of the PFM switching 

OFF, min 

signal 22 may be a locally continuously decreasing func- 
tion of the output voltage V , which is mathematically 

out 

expressed as T (V ). When the output voltage V 

OFF, min out out 

is higher than or equal to the target voltage V , the ex- 

o 

tendable minimum OFF-time T has a minimum T 

OFF, min OFF, 

(V ). When the output voltage V is lower than the tar- 

min o ~ out 

get voltage V , the extendable minimum OFF-time T 

3 3 o OFF, min 

increases along with an increase of an absolute difference 
between the output voltage V and the target voltage V . 

out o 

It should be noted that the present invention may be also 
applicable to a case where the extendable minimum OFF- 
time T is a stepwise decreasing function of the out- 

OFF, min K 3 

put voltage V or other types of functions as long as the 
functional relationship between the extendable minimum 
OFF-time T and the output voltage V satisfies the 

OFF, min out 

following inequality (1):T (V < V ) > T (V 

OFF, min out o OFF, min out 

= V ) = T (V >V)...(1) 

o OFF, min out o 

[0031] [0031]Referring to FIG. 2(c), when the output voltage V 



is lower than the target voltage V , the OFF-time of the 

o 

conventional PFM switching signal 12 remains at the mini- 
mum OFF-time T (V ) regardless of the output volt- 

OFF, min o 

age V . As compared, in the first embodiment according 

out 

to the present invention, when the output voltage V is 

out 

lower than the target voltage V , the OFF-time of the PFM 

o 

switching signal 22 is a prolonged minimum OFF-time T qf| _ 
(V < V ) determined in accordance with the output 

min out o 

voltage V 

out 

[0032] [0032]ln the first embodiment according to the present 

invention, because the minimum OFF-time T of the 

OFF, min 

PFM switching signal 22 is prolonged, the energy stored in 
the inductor L obtains a more sufficient period for deliver- 
ing to the capacitor C, thereby preventing the inductor 
current I from continuous accumulation. In addition, the 

L 

output voltage V has a relatively gentler degree of de- 
crease since the energy stored in the inductor L delivers to 
the capacitor C for the more sufficient period. As a result, 
the ripple of the output voltage V is effectively reduced. 

out 

[0033] [0033]FIGs. 3(a) to 3(c) are schematic diagrams showing a 
method of reducing a ripple of a heavy loading PFM volt- 
age regulator according to a second embodiment of the 
present invention. Referring to FIG. 3(a), the second em- 



bodiment according to the present invention additionally 
provides the PFM voltage regulator 10 shown in FIG. 1(a) 
with an ON-time shortening circuit 31 for achieving the 
object of reducing the output ripple. For easier apprecia- 
tion of the inventive features, the PFM voltage regulator 
according to the present invention is only partially shown 
in FIG. 3(a) with an undepicted portion, which should refer 
to the PFM voltage regulator 10 shown in FIG. 1(a). More 
specifically, the feedback circuit 16 after monitoring the 
output voltage V outputs a feedback signal not only to 
the PFM switching controller 11 but also to the ON-time 
shortening circuit 31. When the output voltage V is 

out 

lower than the target voltage V , the ON-time shortening 

o 

circuit 31 shortens the constant ON-time T deter- 

ON, con 

mined by the constant ON-time controller 14, thereby 
causing the PFM switching controller 11 to generate a PFM 
switching signal 32 with a shortened constant ON-time. 
[0034] [0034]More specifically, the ON-time shortening circuit 31 
is cooperated with the constant ON-time controller 14 for 
determining the reducible constant ON-time T of 

3 ON, con 

the PFM switching signal 32 based on the output voltage V 

. For example, as shown in FIG. 3(b), the reducible con- 
out 

stant ON-time T of the PFM switching signal 32 may 

ON, con » » / 



be a locally continuously increasing function of the output 
voltage V^, which is mathematically expressed as T qn 
(V ). When the output voltage V is higher than or 

con out ** out 

equal to the target voltage V , the reducible constant ON- 

o 

timeT has a maximum T (V ). When the output 

ON, con ON, con o 

voltage V is lower than the target voltage V , the re- 
out ~ o 

ducible constant ON-time T decreases along with a 

ON, con 3 

decrease of an absolute difference between the output 
voltage V and the target voltage V . It should be noted 

out o 

that the present invention may be also applicable to a 
case where the reducible constant ON-time T is a 

ON, con 

stepwise increasing function of the output voltage V or 
other types of functions as long as the functional relation- 
ship between the reducible constant ON-time T and 

K ON, con 

the output voltage V satisfies the following inequality 
(2):T (V <V)<T (V = V ) = T (V > 

ON, con out o ON, con out o ON, con out 

V)...(2) 

o 

[0035] [0035]Referring to FIG. 3(c), when the output voltage V 
is lower than the target voltage V , the ON-time of the 

o 

conventional PFM switching signal 12 remains at the con- 
stant ON-time T (V ) regardless of the output volt- 

ON, con o * 

age V . As compared, in the second embodiment ac- 

out 

cording to the present invention, when the output voltage 



V is lower than the target voltage V , the ON-time of 

out " o 

the PFM switching signal 32 is a shortened constant ON- 
time T (V < V ) determined in accordance with the 

ON, con out o 

output voltage V . 
[0036] [0036]ln the second embodiment according to the present 
invention, because the constant ON-time T of the 

ON, con 

PFM switching signal 32 is shortened, the period spent on 
storing energy in the inductor L is shortened, thereby pre- 
venting the inductor current I I from continuous accumula- 
tion. In addition, the OFF-time becomes relatively longer 
with respect to the shortened constant ON-time T 

ON, con 

such that the energy stored in the inductor L more effi- 
ciently delivers to the capacitor C. As a result, the ripple 
of the output voltage V is effectively reduced. 
[0037] [0037]Conclusively speaking, the first embodiment shown 
in FIGs. 2(a) to 2(c) and the second embodiment shown in 
FIGs. 3(a) to 3(c) are grounded on the same inventive 
principle. That is, when the output voltage V is lower 

out 

than the target voltage V , the effect of reducing the out- 

o 

put ripple is achieved by reducing the duty cycle of the 
PFM switching signal. Because the duty cycle of the PFM 
switching signal is defined by a ratio of an ON-time to a 
period consisting of the ON-time and an OFF-time, i.e. 



ON-time/(ON-time + OFF-time), the reduction of the duty 
cycle of the PFM switching signal may be implemented by 
either prolonging the OFF-time or shortening the ON- 
time. Of course, it is also effective to simultaneously pro- 
long the OFF-time and shorten the ON-time. 
[0038] [0038]FIGs. 4(a) and 4(b) are schematic diagrams showing 
a method of reducing a ripple of a heavy loading PFM 
voltage regulator according to a third embodiment of the 
present invention. Referring to FIG. 4(a), the third embod- 
iment is a case where the first and second embodiments 
are incorporated together for being simultaneously imple- 
mented. More specifically, the feedback circuit 16 after 
monitoring the output voltage V outputs a feedback 
signal not only to the PFM switching controller 11 but also 
to a duty cycle reducing circuit 41. The duty cycle reduc- 
ing circuit 41 includes the OFF-time prolonging circuit 21 
as described in the first embodiment and the ON-time 
shortening circuit 31 as described in the second embodi- 
ment, which are coupled to the minimum OFF-time con- 
troller 17 and the constant ON-time controller 14, respec- 
tively. When the output voltage V is lower than the tar- 
get voltage V , the duty cycle reducing circuit 41 prolongs 

o 

the minimum OFF-time T through the OFF-time 

OFF, min 



prolonging circuit 21 and shortens the constant ON-time 
T through the ON-time shortening circuit 31, 

ON, con 3 3 

thereby causing the PFM switching controller 11 to gener- 
ate a PFM switching signal 42 with a reduced duty cycle. In 
the third embodiment, when the output voltage V is 
lower than the target voltage V , the duty cycle of the PFM 

o 

switching signal 42 decreases along with an increase of an 
absolute difference between the output voltage V and 
the target voltage V , which may be obviously derived 

o 

from FIGs. 2(b) and 3(b) and will not described in detail 
hereinafter. 

[0039] [0039]Referring to FIG. 4(b), when the output voltage V 
is lower than the target voltage V , the OFF-time of the 

o 

conventional PFM switching signal 12 remains at the mini- 
mum OFF-time T (V ) and the ON-time thereof re- 

OFF, min o 

mains at the constant ON-time T (V ) regardless of 

ON, con o 3 

the output voltage V . As compared, in the third embodi- 

o 

ment according to the present invention, when the output 
voltage V is lower than the target voltage V , the OFF- 

out ~ o 

time of the PFM switching signal 42 is the prolonged min- 
imum OFF-time T (V < V ) determined in accor- 

OFF, min out o 

dance with the output voltage V and the ON-time 
thereof is the shortened constant ON-time T (V < 

ON, con out 



V ) determined in accordance with the output voltage V 

o *"* out 

As a result, the duty cycle of the PFM switching signal 42 
is smaller than that of the conventional PFM switching 
signal 12. 

[0040] [0040]FIGs. 5(a) and 5(b) are timing charts showing an 

operation of the heavy loading PFM voltage regulator us- 
ing the method according to the present invention. Refer- 
ring to FIG. 5(a), when the output voltage V is lower 
than the target voltage V , switching the transistor only 

o 

one time is sufficient for the PFM voltage regulator using 
the method according to the present invention to raise the 
output voltage V over the target voltage V . Therefore, 
the output voltage V is prevented from decreasing with 
a great degree. In addition, the peak value I of the in- 

peak 

ductor current I is far lower than the upper limit of cur- 
rent I since the inductor current I is prevented from 

max L 

continuous accumulation. Therefore, the output voltage V 
does not exhibit a great protrusive waveform once the en- 
ergy stored in the inductor L is delivered to the capacitor 
C during the OFF-time. From the comparison between FIG. 
5(a) and FIG. 1(b), the PFM voltage regulator using the 
method according to the present invention effectively re- 
duces a ripple 59 of the output voltage V in the heavy 

out 



loading condition. 
[0041] [0041]ln addition to the advantage of reducing the output 
ripple, the method according to the present invention fur- 
ther provides another advantage of shortening a transient 
period spent by the PFM voltage regulator from start-up 
to a stable operational state where the output voltage V 
reaches the target voltage V . Referring to FIG. 5(b), a 

o 

solid line 51 is representative of a change of the output 
voltage V along with time for the PFM voltage regulator 
using the method according to the present invention from 
start-up to a stable operational state while the dotted line 
52 is representative of a change of the output voltage V 
along with time for the conventional PFM voltage regulator 
from start-up to a stable operational state. Because the 
method according to the present invention prolongs the 
minimum OFF-time and/or shortens the constant ON- 
time when the output voltage V is lower than the target 
voltage V , the energy stored in the inductor L is more ef- 

o 

ficiently delivered to the capacitor C, the inductor current I 
is prevented from continuous accumulation, and the de- 
gree of decrease for the output voltage V becomes rela- 
tively gentler. As a result, the output voltage V of the 

out 

PFM voltage regulator using the method according to the 



present invention reaches the target voltage Vina 

o 

shorter period of time. 

[0042] [0042]lt should be noted that although the embodiments 
described above are applied to the step-up (or boost) PFM 
voltage regulator, the present invention is not limited to 
this and may be applied to a step-down (or buck) PFM 
voltage regulator for reducing the output ripple and 
shortening the transient period spent from start-up to a 
stable operational state. Moreover, although the embodi- 
ments described above are applied to the discontinuous 
mode PFM voltage regulator, the present invention is not 
limited to this and may be applied to a continuous mode 
PFM voltage regulator. 

[0043] [0043]While the invention has been described byway of 
examples and in terms of preferred embodiments, it is to 
be understood that the invention is not limited to the dis- 
closed embodiments. To the contrary, it is intended to 
cover various modifications. Therefore, the scope of the 
appended claims should be accorded the broadest inter- 
pretation so as to encompass all such modifications. 



